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1. SUMMARY

This study was performed to evaluate acute inhalation toxicity of multi-wall

carbon nanotube (MWCNT) using specific pathogen free (SPF) - Fisher 344

(F344) rats with the concentration of 0, 0.17 (low-dose group), 0.52 (middle-dose

group) and 0.83 (high-dose group) ㎎/㎥. The rats were exposed to test

substance for 6 hours a day in whole body inhalation chamber. Grouping

consisted of 5 male and female rats in each group. Test method conformed to

OECD Guideline for Testing of Chemicals No. 403 'Acute Inhalation Toxicity'

(Adopted May, 2009).

Environment and the concentration of MWCNT in exposure chamber were

measured for the duration of exposure time. Mortalities, clinical signs and body

weight changes of experimental animals were evaluated during the observation

period of 14 days. After termination of study, gross findings for the surviving

animals were observed by examining organs in necropsy. The results were as

follows,

No toxic signs or mortality were observed relating to the test substance.

There was no significant difference of body weight changes between control

and exposure group.

At the end of study, all animals were subjected to necropsy, and no abnormal

gross findings were observed in relation to the test substance.

In conclusion, the lethal concentration 50 (LC50) value for the acute inhalation

of MWCNT is considered to be > 0.83 ㎎/㎥ of mass concentration in this

study.
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2. TEST SUBSTANCE AND VEHICLE

1) Test substance (Appendix 1)

(1) Name : MWCNT

(1) Product Name : K-Nanos-100P

(2) CAS No. : No data

(3) Lot No. : No data

(4) Received date : 25 January 2013

(5) Received quantity : 666.89 g (including a container weight)

(6) Appearance : Powder, Black

(7) Purity : Carbon content > 90 %

(8) Storage condition : Ambient room temperature

(9) Stability : Stable under refrigeration

(10) Handling : Stable under refrigeration

(11) Supplier : Kumho petrochemical Co., Ltd.

2) Vehicle

(1) Name : HEPA filtered fresh air

3) Storage and Treatment

The test substance was kept in a storage room (108-2). At completion of the

study, the remaining test substance was kept in a storage room (108-3).

4) Formulation of the test solution

The mixture of test substance and fresh air was used after maintain a

constant temperature and pressure using the carbon nanotube (CNT) generator

3. MATERIALS AND METHODS

1) Test animals

(1) Species and strains : Specific Pathogen Free(SPF) Fisher 344 rats

(F344/N Slc)

(2) Supplier : Central Lab. Animal Inc.

(5F Eun-seok B/D, 64, Umyeon-dong, Seocho-gu, Seoul, Korea)

(3) Producer : Japan SLC, Inc.

(3371-8 Kotoh-cho, Hamamatsu, Shizuoka Prefecture 431-1103)

(4) Reason for selection of the species

The animals used in this study, F344 rats, have been applied widely in

general toxicity tests as a suitable experimental animal for toxicity testing. In

addition, sufficient raw data have been accumulated, and such data are
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available in interpretation and evaluation of study results.

(5) Date of acquisition : 25 April 2013

(6) Number of animals received : male 22, female 22

(7) Age of animals received : 7 weeks

(8) Body weights on arrival

① male : 106.74 ~ 133.25 g

② female : 94.95 ~ 118.05 g

(9) Quarantine and acclimation

Animal observation performed on date of acquisition. Microorganism test

result was obtained from supplier. Acclimation duration was more than 5

days. Only the most healthy animals were used for study after observing

general conditions in the acclimation period. (Appendix 2)

(10) Age at the initiation of the exposure : 8 weeks

(11) Body weights at the exposure (mean±S.E)

① male : 148.91±1.62 g

② female : 127.03±1.34 g

(12) Number of animals used : female 20, male 20

(13) Grouping

The animals were stratified randomly by body weight after measuring

body weight one day before initiation of exposure.

(14) Identification of individual animals

To distinguish animals, skin marking (blue marking during acclimation and

black marking during main study) was used. Cage card was used for each

cage and the animal use log was posted at the entrance of animal room with

indication of study number, title, duration of use, name of study director, and

name of study personnel.

(15) Handling of remaining animal

Remaining animals sacrificed at the planned date.

2) Environmental and Housing Condition (Annex 3)

(1) Animal care room

① Acclimation period : Inhalation toxicity animal room

② Exposure period : Inhalation toxicity room #1

③ Clinical sign observation period : Inhalation toxicity animal room

(2) Range of temperature and humidity

① Acclimation period : 22.0±1.1 ℃ of temperature

48.7±6.7 %RH of relative humidity

② Exposure period : 22.4±1.8 ℃ of temperature
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45.9±7.8 %RH of relative humidity

③ Clinical sign observation period : 21.8±0.9 ℃ of temperature,

51.5±4.2 %RH of relative humidity

(3) Lighting cycle : 12 hrs of lighting duration

(lighting up at 8 a.m. ～ lighting out at 8 p.m.)

(4) Lighting intensity

① Acclimation period : 293 Lux

② Exposure period : 276 Lux

③ Clinical sign observation period : 293 Lux

(5) Ambient noise level

① Acclimation period : 47.3 dB

② Exposure period : 58.9 dB

③ Clinical sign observation period : 47.3 dB

(6) Ammonia concentration

① Acclimation period : less than 5 ppm

② Exposure period : less than 5 ppm

③ Clinical sign observation period : less than 5 ppm

(7) Housing

The 5 animals were housed in polycarbonate cage (360 L×215 W×200 H ㎜)

during quarantine, acclimation and clinical sign observation period. And the 1

animal was housed in wire 5-mesh cages (750 W×170 D×150 H ㎜) during

exposure periods.

(8) Feeds and water

① Feeds

Radiation sterilized, solid laboratory animal feeds (Teklad Certified Irradiated

Global 18 % Protein Rodent Diet, Harlan Co. Ltd., USA) were provided ad

libitum. DooYeol Biotech Co., Ltd. supplied feeds.

② Water

Incheon, Korea municipal tap water purified by reverse osmosis filtering

system was provided ad libitum using water bottles.

③ Certification

The feed certification which was provided from the supplier and the water

certification from national certificated inspection organization were referred to

examine contamination (Annex 4, 5).

3) Methods

(1) Exposure method

① Route : Inhalation (whole body)
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② Reason : Inhalation is a major route for MWCNT exposure.

③ Exposure frequency and duration : One time, 6 hr exposure.

④ Exposure location : mainly respiratory system

⑤ Justification for dose setting : The maximal mass concentration capacity

for the MWCNT generating system was used in this study to generate the

high dose exposure. Actual low and middle dose concentrations were

determined by the standard high dose concentration dilution process employed

in this system.

(2) Dose group and target concentration

Test

substance
Group Mass (㎎/㎥) Sex N Animal No.

MWCNT

Control 0
M 5 1-5

F 5 21-25

Low 0.2 ± 30 %
M 5 6-10

F 5 26-30

Medium 0.5 ± 30 %
M 5 11-15

F 5 31-35

High 1.0 ± 30 %
M 5 16-20

F 5 36-40

M; Male, F; Female

4) Test items

(1) Measurement of environment inside animal exposure chamber

Temperature, humidity, pressure and air flow was measured automatically

using inhalation toxicity monitoring system at main control center for

duration of exposure period.

(2) Generating method for MWCNT

MWCNT were generated as shown in Figure 1. It was used that the CNT

generator and whole body inhalation toxicity chamber (HCT 5300 HCT,

Korea; MAI-088-01).

(3) Distribution of MWCNT in exposure chamber

Mass concentration was measured with the NIOSH method 0500 using the

personal air sampler and polyvinylidene fluoride membrane filter.

(4) Transmission Electron Microscopy (TEM) analysis

The TEM sample, which was collected with nanoparticle collector, was

requested for analysis of MWCNT shape.

(5) Clinical signs

Clinical observations including general appearance were conducted daily.

Clinical signs were checked 6 hours after exposure and then checked
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everyday for 14 days. Individual records were maintained for each animal

including the type, date and the grade of clinical signs for each animal.

Particular attention was directed to observation of changes to the skin and

fur, eyes, mucous membranes, respiratory, circulatory, automatic and central

nervous system, somatomotor activity and behaviour pattern, tremors,

convulsions, salivation, diarrhoea, lethargy, sleep and coma.

(6) Body weight

Individual animals weights were recorded at the acquisition, grouping, and on

the 1st, 3rd, 7th and 14th day after exposure.

(7) Necropsy and gross findings examination

On necropsy, all animals were anesthetized with dose of 1 ㎖/㎏

pentobarbital, and then terminated by exsanguination from the aorta.

Complete post-mortem, gross finding examinations were performed on all

vital organs (subcutaneous, abdominal, thoracic and brain).

(8) Statistical analysis

Body weight and results of lung function test were analyzed by one way

analysis of variance (ANOVA) for the three experimental groups with those

for fresh-air control rats at p < 0.05 significance level. When the one-way

ANOVA test suggested the significant differences at the level of p<0.05,

Dunnett's test was employed to find the statistical meanings between control

and exposure groups. The gross findings were expressed as frequency.

Statistical parameters were expressed as mean and standard error (S.E).

(9) Compliance with the guidelines of animal ethics

This study was approved by the IACUC of Korea Conformity Laboratory

(approval number : IA13-00221).

4. RESULTS

1) Environment for animal exposure chamber (Table 1 and Appendix 6)

The temperature, humidity, pressure, t95 and oxygen concentration in exposure

day were recorded as 23.31±0.12 ℃, 41.60±0.64 %, -0.02±0.00 ㎜H2O, 46.40±0.05

min and 21.25±0.01 % in chamber 1 (control group), and 23.01±0.12 ℃,

43.35±0.69 %, -0.07±0.00 ㎜H2O, 46.30±0.06 min and 20.72±0.01 % in chamber 2

(low dose group). Chamber 3 (middle dose group) was recorded as 23.04±0.11

℃, 46.55±0.44 %, -0.07±0.00 ㎜H2O, 47.28±0.06 min and 20.41±0.01 %, and

chamber 4 (high dose group) was recorded as 22.46±0.09 ℃, 57.36±0.59 %,

-0.24±0.01 ㎜H2O, 46.38±0.06 min and 20.46±0.01 %.
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2) Distribution of MWCNT in exposure chamber

(Table 2, 3 and Appendix 7, 9)

The mass concentration of test substance was recorded as 0.17±0.00 ㎎/㎥,

0.52±0.01 ㎎/㎥, 0.83±0.01 ㎎/㎥ for low, middle and high dose respectively. The

particle number of clean air entering the control chamber was 0.071±0.003

particles/㎤ in Channel 1(0.3 ㎛) and was 0.008±0.000 particles/㎤ in Channel

2(1.0 ㎛) of the particle sensor.

3) TEM analysis of test substance (Appendix 8)

The results of TEM analylsis, the shape was shown as fiber shape, and the

main element was carbon through the analysis of energy dispersive X-ray

spectrometer (EDX). Geometric mean (GM) and geometric standard deviation

(GSD) of the cumulative median length (CML) were ㎚ and ,

respectively.

4) Clinical signs (Table 4, 5 and Appendix 10, 11)

No toxic signs or mortality were observed relating to the test substance after

MWCNT exposure during the observation period.

5) Body weight changes (Table 6, 7, Figure 4, 5 and Appendix 12, 13)

There was no significant difference in body weight change between control and

exposure groups for male and female rats.

6) Gross findings examination (Table 8, 9 and Appendix 14, 15)

There were no observed specific clinical signs related to test substance in male

and female rats.

5. DISCUSSION AND CONCLUSION

This study was performed to evaluate acute inhalation toxicity of MWCNT

using specific pathogen free (SPF) - Fisher 344 (F344) rats with exposure

concentration of 0, 0.17 (low-dose group), 0.52 (middle-dose group) and 0.83

(high-dose group) ㎎/㎥. The rats received a single event exposure to the test

substance for 6 hours. There were 5 rats in each male and female group. Test

method conformed to standard of OECD Guideline for Testing of Chemicals No.

403 'Acute Inhalation Toxicity' (Adopted 7th Sep., 2009).
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Mortalities, clinical signs and body weight changes of experimental animals

were evaluated during the observation period of 14 days. After termination of

study, organ gross findings for the surviving animals were observed in

necropsy. The results were as follows,

No toxic signs or mortality were observed relating to the test substance.

There was no significant difference of body weight changes between control

and exposure groups.

At the end of study, all animals were subjected to necropsy, and no abnormal

gross findings were observed in relation to the test substance.

In conclusion, LC50 value for the acute inhalation of MWCNT is considered to

be > 0.83 ㎎/㎥ of mass concentration in this study.
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7. TABLES

Table 1. Environment of animal exposure chamber in acute inhalation toxicity study

ENVIRONMENT OF ANIMAL EXPOSURE CHAMBER

STUDY ID : GT13-00173 Mean ± S.E

Group Temperature (℃) Humidity (%) Pressure (㎜H2O) t95
a (min) Oxygen (%)

Control 23.31±0.12 41.61±0.64 -0.02±0.00 46.40±0.05 21.25±0.01

Low 23.01±0.12 43.35±0.69 -0.07±0.00 46.30±0.06 20.72±0.01

Medium 23.04±0.11 46.55±0.44 -0.07±0.00 47.28±0.06 20.41±0.01

High 22.46±0.09 57.36±0.59 -0.24±0.01 46.38±0.06 20.46±0.01

a : 3×(chamber volume/chamber airflow)

Table 2. Concentration of MWCNT in acute inhalation toxicity study

CONCENTRATION OF MWCNT

STUDY ID : GT13-00173 Mean ± S.E

Group Target Conc. Mass (㎎/m3)

Control 0 0.00±0.00

Low 0.14~0.26 ㎎/m3 0.17±0.00

Medium 0.35~0.65 ㎎/m3 0.52±0.01

High 0.70~1.30 ㎎/m3 0.83±0.01

Table 3. Distribution of particle in vehicle

DISTRIBUTION OF PARTICLE IN VEHICLE

STUDY : GT13-00173 mean±S.E

0.3 ㎛/min 1.0 ㎛/min 0.3 particle/cc 1.0 particle/cc

200.70 ± 7.23 (361) 22.59 ± 0.88 (361) 0.071 ± 0.003 (361) 0.008 ± 0.000 (361)
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Table 4. Clinical signs of male rats in acute inhalation toxicity study

CLINICAL SIGNS SUMMARY

GT13-00173 MALE

Day SIGN
Group

Control  Low Medium  High

0a Normal 5/5 5/5 5/5 5/5

1 Normal 5/5 5/5 5/5 5/5

2 Normal 5/5 5/5 5/5 5/5

3 Normal 5/5 5/5 5/5 5/5

4 Normal 5/5 5/5 5/5 5/5

5 Normal 5/5 5/5 5/5 5/5

6 Normal 5/5 5/5 5/5 5/5

7 Normal 5/5 5/5 5/5 5/5

8 Normal 5/5 5/5 5/5 5/5

9 Normal 5/5 5/5 5/5 5/5

10 Normal 5/5 5/5 5/5 5/5

11 Normal 5/5 5/5 5/5 5/5

12 Normal 5/5 5/5 5/5 5/5

13 Normal 5/5 5/5 5/5 5/5

14 Normal 5/5 5/5 5/5 5/5

a : after exposure
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Table 5. Clinical signs of female rats in acute inhalation toxicity study

CLINICAL SIGNS SUMMARY

GT13-00173 FEMALE

Day SIGN
Group

Control  Low Medium  High

0a Normal 5/5 5/5 5/5 5/5

1 Normal 5/5 5/5 5/5 5/5

2 Normal 5/5 5/5 5/5 5/5

3 Normal 5/5 5/5 5/5 5/5

4 Normal 5/5 5/5 5/5 5/5

5 Normal 5/5 5/5 5/5 5/5

6 Normal 5/5 5/5 5/5 5/5

7 Normal 5/5 5/5 5/5 5/5

8 Normal 5/5 5/5 5/5 5/5

9 Normal 5/5 5/5 5/5 5/5

10 Normal 5/5 5/5 5/5 5/5

11 Normal 5/5 5/5 5/5 5/5

12 Normal 5/5 5/5 5/5 5/5

13 Normal 5/5 5/5 5/5 5/5

14 Normal 5/5 5/5 5/5 5/5

a : after exposure
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Table 6. Body weights of male rats in acute inhalation toxicity study

SUMMARY OF BODY WEIGHTS

STUDY : GT13-00173 UNIT : g SEX : MALE

GROUP :

(mean±S.E)
Control  Low  Medium  High

0 Day 148.12 ± 3.54 (5) 149.14 ± 3.42 (5) 149.07 ± 3.46 (5) 149.32 ± 3.63 (5)

1 Day 159.35 ± 2.96 (5) 159.49 ± 2.09 (5) 160.72 ± 4.00 (5) 158.30 ± 3.39 (5)

3 Day 169.33 ± 2.98 (5) 168.50 ± 1.94 (5) 169.71 ± 4.18 (5) 165.47 ± 3.43 (5)

7 Day 189.37 ± 2.80 (5) 189.37 ± 1.48 (5) 190.92 ± 3.61 (5) 183.51 ± 3.38 (5)

14 Day(Sacrifice) 217.22 ± 2.39 (5) 216.73 ± 1.03 (5) 221.79 ± 5.08 (5) 208.88 ± 2.51 (5)

( ) : animal number

Table 7. Body weights of female rats in acute inhalation toxicity study

SUMMARY OF BODY WEIGHTS

STUDY : GT13-00173 UNIT : g SEX : FEMALE

GROUP :

(mean±S.E)
Control  Low  Medium  High

0 Day 125.81 ± 3.39 (5) 126.90 ± 2.93 (5) 127.44 ± 2.65 (5) 127.97 ± 2.55 (5)

1 Day 129.46 ± 3.28 (5) 131.17 ± 3.45 (5) 130.28 ± 2.59 (5) 132.25 ± 2.20 (5)

3 Day 134.03 ± 2.81 (5) 135.69 ± 3.37 (5) 135.12 ± 2.56 (5) 135.74 ± 1.68 (5)

7 Day 143.68 ± 3.03 (5) 146.30 ± 3.15 (5) 142.45 ± 2.96 (5) 144.40 ± 1.91 (5)

14 Day(Sacrifice) 152.43 ± 3.54 (5) 152.68 ± 3.10 (5) 151.41 ± 3.74 (5) 151.23 ± 1.52 (5)

( ) : animal number
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Table 8. Gross findings of male rats in acute inhalation toxicity study

SUMMARY OF GROSS FINDINGS

STUDY : GT13-00173 SEX : MALE

ORGAN OBSERVATION
GROUP

Control  Low  Medium  High

TESTIS (LEFT)

Normal 5/5 5/5 5/5 5/5

TESTIS (RIGHT)

Normal 5/5 5/5 5/5 5/5

KIDNEY (LEFT)

Normal 5/5 5/5 5/5 5/5

KIDNEY (RIGHT)

Normal 5/5 5/5 5/5 5/5

SPLEEN

Normal 5/5 5/5 5/5 5/5

LIVER

Normal 5/5 5/5 5/5 5/5

ADRENAL GLAND (LEFT)

Normal 5/5 5/5 5/5 5/5

ADRENAL GLAND (RIGHT)

Normal 5/5 5/5 5/5 5/5

HEART

Normal 5/5 5/5 5/5 5/5

THYMUS

Normal 5/5 5/5 5/5 5/5

LUNG (LEFT)

Normal 5/5 5/5 5/5 5/5

LUNG (RIGHT)

Normal 5/5 5/5 5/5 5/5

INTESTINE

Normal 5/5 5/5 5/5 5/5

CERVICAL LYMPHNODE

Normal 5/5 5/5 5/5 5/5

VENA CAVA CAUDALIS

Normal 5/5 5/5 5/5 5/5

BLADDER

Normal 5/5 5/5 5/5 5/5

BRAIN

Normal 5/5 5/5 5/5 5/5

OLFACTORY BULB

Normal 5/5 5/5 5/5 5/5
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Table 9. Gross findings of female rats in acute inhalation toxicity study

SUMMARY OF GROSS FINDINGS

STUDY : GT13-00173 SEX : FEMALE

ORGAN OBSERVATION
GROUP

Control  Low  Medium  High

OVARY (LEFT)

Normal 5/5 5/5 5/5 5/5

OVARY (RIGHT)

Normal 5/5 5/5 5/5 5/5

KIDNEY (LEFT)

Normal 5/5 5/5 5/5 5/5

KIDNEY (RIGHT)

Normal 5/5 5/5 5/5 5/5

SPLEEN

Normal 5/5 5/5 5/5 5/5

LIVER

Normal 5/5 5/5 5/5 5/5

ADRENAL GLAND (LEFT)

Normal 5/5 5/5 5/5 5/5

ADRENAL GLAND (RIGHT)

Normal 5/5 5/5 5/5 5/5

HEART

Normal 5/5 5/5 5/5 5/5

THYMUS

Normal 5/5 5/5 5/5 5/5

LUNG (LEFT)

Normal 5/5 5/5 5/5 5/5

LUNG (RIGHT)

Normal 5/5 5/5 5/5 5/5

INTESTINE

Normal 5/5 5/5 5/5 5/5

CERVICAL LYMPHNODE

Normal 5/5 5/5 5/5 5/5

VENA CAVA CAUDALIS

Normal 5/5 5/5 5/5 5/5

BLADDER

Normal 5/5 5/5 5/5 5/5

BRAIN

Normal 5/5 5/5 5/5 5/5

OLFACTORY BULB

Normal 5/5 5/5 5/5 5/5
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8. FIGURE

Figure 1. Schematic diagram of inhalation toxicity study
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Figure 2. MWCNT by TEM

A～C : Scanning Transmission Electron Microscope (×100,000)

D : EDX spectometer
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Figure 3. Cumulative mean length of MWCNT
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Figure 4. Body weight changes of male rats in acute inhalation toxicity study



GT13-00173 - 20/59 -

Figure 5. Body weight changes of female rats in acute inhalation toxicity study
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9. APPENDICES

Appendix 1. Test substance data sheet
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Appendix 2. Animals diagnostic report
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Appendix 2. Animals diagnostic report (continued)
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Appendix 2. Animals diagnostic report (continued)
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Appendix 3. Certification of Environment for animal care room



GT13-00173 - 26/59 -

Appendix 3. Certification of Environment for animal care room (continued)
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Appendix 3. Certification of Environment for animal care room (continued)
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Appendix 4. Laboratory animal diet certification report
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Appendix 4. Laboratory animal diet certification report (continued)
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Appendix 5. Certification of water analysis report
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Appendix 5. Certification of water analysis report (continued)
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Appendix 5. Certification of water analysis report (continued)
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Appendix 6. Half hourly condition of exposure chamber in acute inhalation toxicity study

HALF HOURLY CONDITION OF EXPOSURE CHAMBER

GT13-00173

DAY : 2013/04/30

NoTIME
Control  Low

Temp Humi Pres Flow Oxy t95a) Temp Humi Pres Flow Oxy t95

1 09:30 22.20 47.50 -0.06 45.50 21.15 46.15 21.90 49.90 -0.10 45.70 20.61 45.95

2 10:00 22.70 45.10 -0.03 45.40 21.20 46.26 22.40 46.90 -0.07 45.60 20.66 46.05

3 10:30 23.00 40.50 -0.03 45.40 21.22 46.26 22.70 43.50 -0.07 45.60 20.68 46.05

4 11:00 23.20 40.30 -0.03 45.50 21.25 46.15 22.90 41.90 -0.07 45.60 20.70 46.05

5 11:30 23.40 42.00 -0.02 45.40 21.25 46.26 23.00 43.40 -0.07 45.50 20.72 46.15

6 12:00 23.50 39.70 -0.01 45.20 21.26 46.46 23.20 41.40 -0.07 45.40 20.74 46.26

7 12:30 23.50 39.50 -0.01 45.10 21.28 46.56 23.20 41.50 -0.07 45.20 20.74 46.46

8 13:00 23.50 39.90 -0.01 45.20 21.27 46.46 23.20 41.60 -0.07 45.30 20.74 46.36

9 13:30 23.60 41.10 -0.01 45.10 21.27 46.56 23.30 42.60 -0.07 45.20 20.74 46.46

10 14:00 23.60 41.50 -0.01 45.10 21.28 46.56 23.30 42.90 -0.07 45.10 20.74 46.56

11 14:30 23.70 41.80 -0.01 45.10 21.28 46.56 23.40 43.20 -0.07 45.10 20.74 46.56

12 15:00 23.70 42.00 -0.01 45.00 21.26 46.67 23.40 43.90 -0.07 45.00 20.74 46.67

13 15:30 23.40 40.00 -0.01 45.40 21.29 46.26 23.20 40.90 -0.03 45.30 20.76 46.36

NoTIME
Medium High

Temp Humi Pres Flow Oxy t95 Temp Humi Pres Flow Oxy t95

1 09:30 22.00 48.60 -0.10 44.70 20.34 46.98 21.60 54.30 -0.29 45.70 20.41 45.95

2 10:00 22.50 49.20 -0.07 44.60 20.37 47.09 22.00 58.20 -0.25 45.50 20.42 46.15

3 10:30 22.80 46.30 -0.07 44.60 20.38 47.09 22.20 56.90 -0.26 45.40 20.44 46.26

4 11:00 23.00 46.30 -0.07 44.60 20.40 47.09 22.40 56.50 -0.26 45.40 20.44 46.26

5 11:30 23.10 47.90 -0.07 44.50 20.42 47.19 22.50 58.80 -0.24 45.40 20.44 46.26

6 12:00 23.20 45.60 -0.07 44.30 20.42 47.40 22.60 58.00 -0.23 45.20 20.46 46.46

7 12:30 23.20 45.00 -0.07 44.20 20.42 47.51 22.60 57.00 -0.23 45.00 20.48 46.67

8 13:00 23.20 45.20 -0.07 44.40 20.42 47.30 22.60 56.50 -0.23 45.30 20.48 46.36

9 13:30 23.30 46.60 -0.07 44.30 20.42 47.40 22.70 57.60 -0.23 45.10 20.48 46.56

10 14:00 23.30 46.70 -0.07 44.30 20.42 47.40 22.70 59.50 -0.23 45.10 20.46 46.56

11 14:30 23.30 47.20 -0.07 44.20 20.42 47.51 22.70 59.40 -0.23 45.10 20.48 46.56

12 15:00 23.40 47.30 -0.07 44.10 20.42 47.62 22.70 60.40 -0.23 45.00 20.48 46.67

13 15:30 23.20 43.30 -0.04 44.60 20.44 47.09 22.70 52.60 -0.24 45.40 20.49 46.26

a : 3×(chamber volume/chamber airflow)
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Appendix 7. Concentration of MWCNT in acute inhalation toxicity study

CONCENTRATION OF MWCNT

STUDY ID : GT13-00173 DAY : 2013/04/30

 Group Times Mass (㎎/m3)

 Low
1 0.173

2 0.172

 Medium
1 0.525

2 0.508

 High
1 0.819

2 0.831
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Appendix 8. The length of MWCNT by TEM
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Appendix 8. The length of MWCNT by TEM (continued)



GT13-00173 - 37/59 -

Appendix 8. The length of MWCNT by TEM (continued)
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Appendix 9. Daily distribution of particle in vehicle
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 9. Daily distribution of particle in vehicle (continued)
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Appendix 10. Individual clinical signs in male rats in acute inhalation toxicity study

CLINICAL SIGNS INDIVIDUAL DATA

GT13-00173 SEX : MALE

Animal No. OBSERVATIONS TIME OCCURED

1 Normal 0a - 14 Day

Terminal sacrifice 14 Day

2 Normal 0 - 14 Day

Terminal sacrifice 14 Day

3 Normal 0 - 14 Day

Terminal sacrifice 14 Day

4 Normal 0 - 14 Day

Terminal sacrifice 14 Day

5 Normal 0 - 14 Day

Terminal sacrifice 14 Day

6 Normal 0 - 14 Day

Terminal sacrifice 14 Day

7 Normal 0 - 14 Day

Terminal sacrifice 14 Day

8 Normal 0 - 14 Day

Terminal sacrifice 14 Day

9 Normal 0 - 14 Day

Terminal sacrifice 14 Day

10 Normal 0 - 14 Day

Terminal sacrifice 14 Day

11 Normal 0 - 14 Day

Terminal sacrifice 14 Day

12 Normal 0 - 14 Day

Terminal sacrifice 14 Day

13 Normal 0 - 14 Day

Terminal sacrifice 14 Day

14 Normal 0 - 14 Day

Terminal sacrifice 14 Day

15 Normal 0 - 14 Day

Terminal sacrifice 14 Day

16 Normal 0 - 14 Day

Terminal sacrifice 14 Day

17 Normal 0 - 14 Day

Terminal sacrifice 14 Day

18 Normal 0 - 14 Day

Terminal sacrifice 14 Day

19 Normal 0 - 14 Day

Terminal sacrifice 14 Day

20 Normal 0 - 14 Day

Terminal sacrifice 14 Day

a : after exposure
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Appendix 11. Individual clinical signs in female rats in acute inhalation toxicity study

CLINICAL SIGNS INDIVIDUAL DATA

GT13-00173 SEX : FEMALE

Animal No. OBSERVATIONS TIME OCCURED

21 Normal 0a - 14 Day

Terminal sacrifice 14 Day

22 Normal 0 - 14 Day

Terminal sacrifice 14 Day

23 Normal 0 - 14 Day

Terminal sacrifice 14 Day

24 Normal 0 - 14 Day

Terminal sacrifice 14 Day

25 Normal 0 - 14 Day

Terminal sacrifice 14 Day

26 Normal 0 - 14 Day

Terminal sacrifice 14 Day

27 Normal 0 - 14 Day

Terminal sacrifice 14 Day

28 Normal 0 - 14 Day

Terminal sacrifice 14 Day

29 Normal 0 - 14 Day

Terminal sacrifice 14 Day

30 Normal 0 - 14 Day

Terminal sacrifice 14 Day

31 Normal 0 - 14 Day

Terminal sacrifice 14 Day

32 Normal 0 - 14 Day

Terminal sacrifice 14 Day

33 Normal 0 - 14 Day

Terminal sacrifice 14 Day

34 Normal 0 - 14 Day

Terminal sacrifice 14 Day

35 Normal 0 - 14 Day

Terminal sacrifice 14 Day

36 Normal 0 - 14 Day

Terminal sacrifice 14 Day

37 Normal 0 - 14 Day

Terminal sacrifice 14 Day

38 Normal 0 - 14 Day

Terminal sacrifice 14 Day

39 Normal 0 - 14 Day

Terminal sacrifice 14 Day

40 Normal 0 - 14 Day

Terminal sacrifice 14 Day

a : after exposure
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Appendix 12. Individual body weights in male rats in acute inhalation toxicity study

INDIVIDUAL BODY WEIGHTS (Grams)

STUDY : GT13-00173 GROUP : CONTROL SEX : MALE

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

1 136.55 151.07 161.61 184.91 214.79

2 146.64 158.09 166.61 184.94 212.29

3 146.66 155.58 165.77 184.55 213.07

4 153.55 164.95 176.84 196.54 223.35

5 157.19 167.05 175.82 195.93 222.62

N 5 5 5 5 5

GROUP : LOW

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

6 139.53 153.65 165.36 187.28 217.57

7 146.20 158.18 166.22 187.39 219.09

8 147.07 158.00 165.08 188.47 212.99

9 153.16 161.35 170.70 188.48 217.60

10 159.72 166.25 175.13 195.21 216.38

N 5 5 5 5 5

GROUP : MEDIUM

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

11 140.20 150.51 160.18 185.31 219.19

12 145.38 152.57 159.94 180.39 204.30

13 147.19 161.99 171.20 191.99 222.89

14 151.84 168.38 179.45 199.81 234.62

15 160.75 170.15 177.79 197.09 227.96

N 5 5 5 5 5

GROUP : HIGH

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

16 141.50 155.11 161.54 180.22 209.73

17 144.72 153.06 158.49 177.86 203.18

18 148.17 155.79 164.39 182.01 210.51

19 149.45 155.84 164.47 180.73 203.97

20 162.74 171.69 178.46 196.75 217.03

N 5 5 5 5 5
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Appendix 13. Individual body weights in female rats in acute inhalation toxicity study

INDIVIDUAL BODY WEIGHTS (Grams)

STUDY : GT13-00173 GROUP : CONTROL SEX : FEMALE

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

21 113.29 118.05 124.30 134.36 139.88

22 125.98 127.93 133.79 142.35 152.22

23 126.21 129.66 133.11 141.17 151.66

24 131.04 135.11 138.19 149.05 158.56

25 132.55 136.55 140.77 151.45 159.82

N 5 5 5 5 5

GROUP : LOW

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

26 116.91 119.30 123.67 132.78 141.58

27 125.63 128.58 133.48 141.65 151.32

28 126.79 132.41 138.01 142.51 153.71

29 130.99 136.74 140.55 149.44 158.95

30 134.20 138.80 142.72 150.13 157.83

N 5 5 5 5 5

GROUP : MEDIUM

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

31 119.54 124.41 128.09 134.43 145.98

32 123.47 124.13 130.19 136.43 140.01

33 129.01 131.35 138.07 145.20 153.71

34 130.76 135.07 137.65 146.73 156.51

35 134.41 136.45 141.61 149.47 160.86

N 5 5 5 5 5

GROUP : HIGH

ANIMAL 0 DAY 1 DAY 3 DAY 7 DAY 14 DAY

36 121.62 126.88 131.14 140.87 150.67

37 122.70 127.91 133.08 140.17 146.57

38 129.71 132.98 137.02 146.61 151.88

39 130.61 134.70 136.74 143.84 150.94

40 135.19 138.77 140.79 150.51 156.09

N 5 5 5 5 5
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Appendix 14. Individual gross findings in male rats

INDIVIDUAL GROSS FINDINGS

STUDY : GT13-00173 GROUP : Control SEX : MALE

ANIMAL FATE DAY LOCATION OBSERVATION

1 Terminal sacrifice 14 normal

2 Terminal sacrifice 14 normal

3 Terminal sacrifice 14 normal

4 Terminal sacrifice 14 normal

5 Terminal sacrifice 14 normal

STUDY : GT13-00173 GROUP : Low SEX : MALE

ANIMAL FATE DAY LOCATION OBSERVATION

6 Terminal sacrifice 14 normal

7 Terminal sacrifice 14 normal

8 Terminal sacrifice 14 normal

9 Terminal sacrifice 14 normal

10 Terminal sacrifice 14 normal

STUDY : GT13-00173 GROUP : Middle SEX : MALE

ANIMAL FATE DAY LOCATION OBSERVATION

11 Terminal sacrifice 14 normal

12 Terminal sacrifice 14 normal

13 Terminal sacrifice 14 normal

14 Terminal sacrifice 14 normal

15 Terminal sacrifice 14 normal

STUDY : GT13-00173 GROUP : High SEX : MALE

ANIMAL FATE DAY LOCATION OBSERVATION

16 Terminal sacrifice 14 normal

17 Terminal sacrifice 14 normal

18 Terminal sacrifice 14 normal

19 Terminal sacrifice 14 normal

20 Terminal sacrifice 14 normal
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Appendix 15. Individual gross findings in female rats in acute inhalation toxicity study

INDIVIDUAL GROSS FINDINGS

STUDY : GT13-00173 GROUP : Control SEX : FEMALE

ANIMAL FATE DAY LOCATION OBSERVATION

21 Terminal sacrifice 14 normal

22 Terminal sacrifice 14 normal

23 Terminal sacrifice 14 normal

24 Terminal sacrifice 14 normal

25 Terminal sacrifice 14 normal

STUDY : GT13-00173 GROUP : Low SEX : FEMALE

ANIMAL FATE DAY LOCATION OBSERVATION

26 Terminal sacrifice 14 normal

27 Terminal sacrifice 14 normal

28 Terminal sacrifice 14 normal

29 Terminal sacrifice 14 normal

30 Terminal sacrifice 14 normal

STUDY : GT13-00173 GROUP : Middle SEX : FEMALE

ANIMAL FATE DAY LOCATION OBSERVATION

31 Terminal sacrifice 14 normal

32 Terminal sacrifice 14 normal

33 Terminal sacrifice 14 normal

34 Terminal sacrifice 14 normal

35 Terminal sacrifice 14 normal

STUDY : GT13-00173 GROUP : High SEX : FEMALE

ANIMAL FATE DAY LOCATION OBSERVATION

36 Terminal sacrifice 14 normal

37 Terminal sacrifice 14 normal

38 Terminal sacrifice 14 normal

39 Terminal sacrifice 14 normal

40 Terminal sacrifice 14 normal
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Appendix 16. Study plan amendment sheet
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Appendix 16. Study plan amendment sheet (continued)
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Appendix 17. KCL GLP certification of NIER
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Appendix 17. KCL GLP certification of NIER (continued)
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Appendix 17. KCL GLP certification of NIER (continued)
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Appendix 18. Quality assurance statement-Original
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Appendix 19. Study personnel-Original




